Appendix A: Parameter selection and classification
Coastal Hazards – Relative Sea Level Rise (rSLR)
[bookmark: _Hlk202089042][bookmark: _Hlk202091493]Relative Sea Level Rise (rSLR) refers to the change in sea level relative to the land at a specific location over time, accounting for both global sea level trends and local variations in land elevation. It is widely recognised as one of the most critical pressures on coastal systems worldwide (Vandarakis et al., 2021) and is frequently integrated into CVI-type assessments due to its ability to capture the cumulative impact of both climatic drivers and geological processes (Gornitz, 1990; Torresan et al., 2012). Its consequences include increased frequency and extent of coastal flooding, exacerbation of storm surges, acceleration of coastal erosion, and salinity intrusion into freshwater systems (Oloyede et al., 2021; Vousdoukas et al., 2018). As emphasised by Fannassi et al. (2023), when relative sea level rises, so does vulnerability. In this study, rSLR data were obtained from the Geological Survey Ireland (GSI), which provides regionalised Relative Sea Level Rise projections in millimetres per year (mm/yr). Vulnerability scores were assigned based on fixed classification thresholds derived from the GSI scheme (Table 1). Each SCVI grid cell was attributed the score of the nearest rSLR observation point.
Coastal Hazards – Shoreline change (LRR)
The shoreline represents the dynamic boundary between the ocean and the emergent landmass of continents (Gallego Perez and Selvaraj, 2019). Its position and form are continuously evolving due to tidal processes, local topography, and variations in sea level, with both natural and anthropogenic drivers contributing to these changes (Pramanik et al., 2016). Shoreline change, encompassing both erosion and accretion, reflects underlying coastal dynamics and serves as a key indicator of resilience or vulnerability to climate-related hazards (Koroglu et al., 2019). Erosion, defined as the landward retreat of the shoreline, is typically associated with high vulnerability due to the loss of land and habitats, whereas accretion, the seaward advance of the shoreline, is generally considered less vulnerable (Mullick et al., 2019). Shoreline change is influenced by long-term trends, which emerge from the cumulative effect of short-term processes such as tidal cycles, seasonal variation, and post-storm recovery. However, short-term events do not always align with long-term trends (Le Berre et al., 2022), as they can both amplify or offset each other, resulting in either gradual change or long-term stability. This underscores the importance of sustained monitoring to reliably interpret shoreline dynamics and inform coastal management (Godwyn-Paulson et al., 2022). In this study, shoreline change was derived using the method developed by Chalençon et al. (2025), which automatically extracts soft shore vegetation lines from orthophotography captured between 2000 and 2021 along the Cork coastline. Linear Regression Rates (LRR) were calculated at 10 m resolution using the Digital Shoreline Analysis System (DSAS) (Himmelstoss et al., 2021). Vulnerability classification was based on the measurement uncertainty of the regression rates found in Chalençon et al. (2025) (±0.27 m/year) (Table 1). For areas where the long-term LRR was already greater than 0.27 m/year of shoreline retreat, an additional class upgrade was applied if the 2011–2021 period showed an acceleration in retreat by at least 0.5 m/year. Each SCVI grid cell was assigned the modal vulnerability score of overlapping LRR points, or, where unavailable, the mode of points within a 250 m radius.
Coastal Hazards – Flooding (Flood)
Coastal flooding is a natural geomorphological process through which coastal systems adjust over time. However, as human populations have increasingly settled within these dynamic environments, flooding and storm surges have become major coastal hazards, posing serious risks to infrastructure, ecosystems, and communities (Sealey, 2024). While many CVI frameworks aim to quantify vulnerability to coastal flooding (Bukvic et al., 2020), relatively few directly incorporate flood or storm surge parameters (Rocha et al., 2023). In this study, probabilistic flood data were sourced from the Office of Public Works (OPW) National Coastal Flood Extents dataset, derived from a combination of historical records, hydrological models, and climate projections. Vulnerability classification was based on the probability of occurrence (Table 1). Additionally, two high-exposure datasets were integrated to better represent acute flood-related hazards: Coastal Areas Potentially vulnerable to wave Overtopping (CAPOs), identified in the OPW Irish Coastal Wave and Water Level Modelling Study (ICWWS), and Extreme Wave Events (EWE), mapped by O’Brien et al. (2018). CAPO features were surrounded by a 50 m buffer zone, and EWE features by a 250 m buffer zone. Both were assigned the highest vulnerability scores. Each SCVI grid cell was attributed the maximum coastal flooding score of any overlapping hazard feature.
Coastal Hazards – Wave Climate (WaveClim)
Waves, as the dominant hydrodynamic force acting on beaches, clay cliffs and exposed coasts, play a fundamental role in sediment transport, shoreline evolution, and broader morphodynamic processes. Numerical wave modelling products have become increasingly important in coastal vulnerability assessments. Wave height has been shown to predict sediment transport rates and morphological change, influencing the sediment budget and long-term shoreline dynamics (Mendoza et al., 2023; Noor and Abdul Maulud, 2022). In this study, rather than relying solely on significant wave height, a composite wave climate parameter was constructed to leverage the detailed nearshore wave modelling conducted in parallel with this work for the Cork coastline. Specifically, the average winter (October to April) wave power and wave direction were extracted for the period 2000–2020 at a spatial resolution of 400 m. Incidence angles, the angles at which incoming waves approach and strike the shoreline, were calculated for sandy shore environments only, as they are more sensitive to directional wave forcing. Waves approaching obliquely, typically leads to longshore sediment transport and coastal change sensitivity (de Andrade et al., 2019, Sousa et al., 2013). A matrix-based logic was then applied to integrate wave power and incidence angle into a single wave climate vulnerability score (Table 1). Each SCVI grid cell was assigned the score of the nearest wave climate observation point.
Physical Susceptibility – Tidal Range (Tide)
[bookmark: _Hlk202089000]Tidal range is defined as the vertical difference between the highest high tide and the lowest low tide and can significantly influence a coastline’s susceptibility to hazards such as flooding and erosion. Within the literature, two dominant perspectives exist regarding the relationship between tidal range and coastal vulnerability. One viewpoint considers high tidal ranges as a marker of increased vulnerability, as larger tidal ranges expose broader intertidal zones, and are more susceptible to flooding from storm surges and long-term sea-level rise (Gornitz et al., 1994; Kumar et al., 2010; Tragaki et al., 2018). In contrast, another body of research highlights the heightened vulnerability of microtidal environments, where the near-constant proximity to high tide levels means that even minor surges can cause significant inundation, due to the limited tidal buffer (Thieler and Hammar-Klose, 2000). This study adopts the microtidal vulnerability perspective, in line with recent studies and the classification approach used by Geological Survey Ireland (GSI). Tidal range data were obtained from GSI, which also provided a predefined classification scheme for assigning vulnerability scores (Table 1). Each SCVI grid cell was assigned the modal vulnerability score of overlapping Tidal Range points, or, where unavailable, the mode of points within a 250 m radius.
Physical Susceptibility – Slope (Slope)
Slope, representing the terrain gradient, influences both hydrodynamic processes and sediment transport. In general, even though steeper slopes can focus wave energy toward the coastline they are associated with lower inundation risk, whereas gentle slopes allow wave energy to dissipate gradually over a wider area, increasing the likelihood of sediment displacement and flooding (Mendoza et al., 2023). This makes slope particularly relevant for estimating the overall vulnerability to coastal hazards such as flooding and erosion (Déguénon et al., 2024; Pantusa et al., 2018; Fannassi et al., 2023). In this study, slope was derived from a composite elevation model that combined terrestrial LiDAR data from the OPW Coastal Aerial LiDAR Survey with nearshore bathymetric data from the GSI INFOMAR program. These datasets were merged and resampled to a uniform 10 m resolution to ensure consistency across the study area. Slope was derived using the ArcGIS Pro Slope tool, which estimates the local gradient for each raster cell from a 3×3 neighbourhood (maximum rate of elevation change) and outputs slope in degrees. The classification of slope into vulnerability categories followed the scheme proposed by Godwyn-Paulson et al. (2022) (Table 1). Vulnerability scores were assigned to each SCVI grid cell based on the modal vulnerability class of overlapping slope-classified pixels.
Physical Susceptibility – Elevation (Elev)
Elevation represents the altitude of land surfaces above mean sea level and offers key insights into the susceptibility of areas to flooding, erosion, and permanent inundation. Areas of higher elevation tend to function as natural buffers against coastal hazards, reducing the likelihood of severe impacts (Rehman et al., 2022; Fannassi et al., 2023). In contrast, low-lying coastal zones are significantly more vulnerable, facing a heightened risk of flooding, erosion, and long-term submergence due to rising sea levels (Koroglu et al., 2019). In this study, elevation data were derived from the OPW Coastal Aerial LiDAR Survey and resampled to a 10 m resolution to ensure compatibility with other spatial layers. Elevation was classified following the Thieler and Hammar-Klose (2000) scheme still used in most studies (Mendoza et al., 2023) (Table 1). Vulnerability scores were assigned to each SCVI grid cell based on the modal value of overlapping elevation-classified pixels.
Physical Susceptibility – Geomorphology (Geomorph)
Morphological and geological features, such as rock types, landforms, and sediment composition, significantly influence how coastlines respond to environmental stresses. Different coastal landforms, ranging from high cliffs to sandy shores, exhibit varying degrees of resistance or susceptibility to hazards such as erosion (Thieler and Hammar-Klose, 1999). Coastal landforms like barrier beaches, sand beaches, and saltmarshes are categorised as highly vulnerable due to their low resistance to erosion and their exposure to storm surges and rising sea levels (Thieler and Hammar-Klose, 2000; Pantusa et al., 2022). Geomorphology characterization was derived from a combination of GSI Quaternary Sediments and the Tailte Éireann - National Land Cover Map (Table 1). Vulnerability scores were assigned to each SCVI grid cell based on the maximum vulnerability score of overlapping geomorphology feature.
Physical Susceptibility – Groundwater (GrWater)
Groundwater is the main freshwater source in many coastal areas around the world (Zamrsky et al., 2024). As sea levels rise, coastal areas experience increased soil salinity, floods, and water logging, which can drastically alter agricultural patterns and affect local economies (Roy et al., 2023; Oloyede et al., 2021). This underscores the necessity of incorporating groundwater susceptibility into coastal vulnerability indices, as changes in groundwater quality and availability can have cascading effects on social and economic stability (Noor and Abdul Maulud, 2022, Oloyede et al., 2021). The geological setting, such as the presence of high-permeability rock formations or unconsolidated sediments, influences the extent of saltwater intrusion (Zamrsky et al., 2018). A classified groundwater vulnerability dataset was available from GSI, outlining how susceptible areas are to groundwater contamination (Table 1). Vulnerability scores were assigned to each SCVI grid cell based on the maximum value of overlapping features.
Socio-cultural Susceptibility – Density (PopD)
Vulnerability is not solely a function of physical exposure but also of social conditions. Population density serves as a measure of a society's exposure in the face of disaster (Mani Murali et al., 2013) and helps identifying areas where populations are disproportionately susceptible to the impacts of disasters (Canul Turriza et al., 2024), thereby increasing the potential for catastrophic damage to life and resources (Mahapatra et al., 2015; Pramanik et al., 2021; Deb et al., 2024). Data sourcing for population density typically involves national censuses; for this study, population density data were derived from the Central Statistics Office (CSO) Census 2022 at the Small Area (SA) level. Classification into vulnerability categories was based on national quantiles to ensure relative comparability across the country (Table 1). Vulnerability scores were assigned to each SCVI grid cell using the maximum value of overlapping features.
Socio-cultural Susceptibility – Residential buildings (Resid)
Numerous studies underscore the importance of incorporating residential buildings as a key parameter in coastal vulnerability assessments. The expansion of built-up areas, particularly in low-lying or flood-prone zones, further amplifies vulnerability. Rapid urbanisation and population growth often lead to the proliferation of impervious surfaces, which inhibit natural water infiltration, increase surface runoff, and exacerbate flood risks (Rahman et al., 2021; Ajtai et al., 2023). Ferreira et al. (2021) and Kantamaneni et al. (2018) argue that vulnerability is influenced not only by the structural characteristics of buildings but also by their functional significance within communities. In this study, data on residential buildings were obtained from Geodirectory, a dictionary of addresses established by An Post and Tailte Éireann and accessed in 2022. The classification approach was binary, based solely on the presence or absence of residential structures within a 50 m radius of each SCVI grid cell (Table 1).
Socio-cultural Susceptibility – Cultural heritage (Cult)
Marzeion and Levermann (2014) conducted influential research highlighting the vulnerability of UNESCO cultural heritage sites to coastal hazards. Expanding upon this, Rocha et al. (2023) advocate for a broader and more inclusive understanding of cultural heritage, one that encompasses not only internationally recognised sites, but also locally significant structures with historical, archaeological, or social value. This holistic perspective is essential, as the loss or degradation of cultural heritage can result in profound economic consequences and disrupt local and national identities. These assets are often irreplaceable, embodying values that extend beyond economic utility. The classification of cultural heritage in vulnerability assessments presents methodological challenges. McLaughlin et al. (2002) explored ranking systems based on preservation state and historical importance, but their findings illustrate the inherent difficulties in developing objective and scalable classification schemes. In this study, cultural heritage data were compiled from four national sources: the National Inventory of Architectural Heritage (NIAH), the National Maritime Planning Framework, the National Monuments Service (NMS), and the Record of Protected Structures. A binary classification approach was adopted, with each SCVI grid cell scored based on the presence or absence of cultural heritage features within a 50 m radius (Table 1).
Socio-cultural Susceptibility – Public Services (PServ)
Public services represent critical infrastructure that supports the safety, health, mobility, and social functioning of coastal communities. The disruption or loss of access to these essential facilities during coastal hazard events can lead to severe cascading impacts, hindering emergency response, healthcare delivery, and public safety. In the absence of a comprehensive national dataset for Ireland, public services data were compiled using OpenStreetMap. Features extracted included schools, hospitals, healthcare facilities, fire stations, police stations, and transport hubs. Given the essential nature of these facilities, a binary classification approach was adopted. Each SCVI grid cell was scored based on the presence or absence of one or more public service features within a 50 m radius.
Socio-cultural Susceptibility – Social Vulnerability (SVI)
The concept of social vulnerability encompasses the potential for loss, a predisposition to harm, and contextual circumstances that place individuals at risk (Mavhura et al., 2017; Cutter et al., 2003). Despite global efforts in Europe to reduce vulnerabilities through development goals such as poverty alleviation, education, and housing access, disaster-related deaths persist (Raikes et al., 2021; Lapietra et al., 2024). Social vulnerability indices have become central tools in quantifying and mapping the human dimensions of disaster risk, relying on socio-economic and demographic indicators (Rufat et al., 2015; Rufat et al., 2019). In this study, the Irish Social Vulnerability to Environmental Hazards Index (ISVEHI) was used (Fitton et al., 2022; McCullagh et al., 2025), which combines indicators of age, health, income, information access, local knowledge, mobility, physical access, tenure, social networks, housing characteristics and the physical environment. Classification followed the ISVEHI’s original scheme (Table 1). Each SCVI grid cell was assigned the value of the most vulnerable overlapping features.
Economic Susceptibility – Land-use/Land cover (LU)
Coastal areas around the world support a wide range of economic activities, including harbours, marine tourism, power generation, fisheries, agriculture, industrial zones, and public services, which in turn attract significant population densities (Solihuddin et al., 2021). However, urbanisation and industrial development often increase coastal vulnerability by disrupting natural processes, expanding impervious surfaces, and intensifying flood and erosion risks (Boori and Voženílek, 2014; Deb et al., 2024). In the absence of detailed land use data in Ireland, data were sourced from Tailte Éireann’s National Land Cover Map.  Following the approaches of Rocha et al. (2020) and Handiani et al. (2022), this study ranked land use/land cover (LULC) types based on their direct utility to human activities. Under this framework, ecosystems like swamps, mudflats, and saltmarshes were classified as low vulnerability, while urban and industrial areas were assigned to the very high vulnerability category. Each SCVI grid cell was assigned the value of the most vulnerable overlapping land cover features. 
Economic Susceptibility – Commercial and industrial buildings (ComIndu)
Commercial and industrial buildings are frequently located in dynamic coastal zones, driven by the need for proximity to marine transportation, offshore industries, and tourism (Handiani et al., 2022). This tendency increases the exposure to coastal hazards (Rehman et al., 2022). Moreover, industrial density and the presence of commercial buildings are proxy indicators of anthropisation, indicating areas where human activity has heavily modified the natural environment (Pagano et al., 2023). While reviews have highlighted the importance of differentiating between residential and commercial/industrial buildings (Martins et al., 2012), many assessments consider built-up areas without making this distinction (Mahapatra et al., 2015; Sijing et al., 2023). This practice obscures the specific risks and impacts associated with commercial and industrial buildings, which typically have higher economic value and are crucial for employment and local economies. Their vulnerability assessment is vital for understanding potential economic and structural losses from coastal inundation and other hazards (Cutter et al., 2003; Thatcher et al., 2013). In this study, data on commercial and industrial buildings were obtained from Geodirectory, a dictionary of addresses established by An Post and Tailte Éireann and accessed in 2022. The classification approach was binary, based solely on the presence or absence of structures within a 50 m radius of each SCVI grid cell (Table 1).
Economic Susceptibility – Road and rail networks (Network)
[bookmark: _Hlk202089365]Road and rail infrastructure play a vital role in supporting mobility, the distribution of goods and services, and effective emergency response, making their vulnerability a significant concern in coastal settings (McLaughlin and Cooper, 2010). Coastal areas often exhibit a higher density of road networks due to their appeal as tourism destinations, resulting in increased traffic and anthropogenic pressures (Ahmed et al., 2021; Brandes et al., 2021). The exposure of transport networks to coastal hazards can lead to substantial financial costs linked to construction, maintenance, and post-disaster repair. Roads and railways that are near the coast are typically more exposed and thus considered more vulnerable, while those further inland are generally less so (Godwyn-Paulson et al., 2022). In this study, a differentiated approach based on network importance was adopted. Local roads and minor ways were assigned lower vulnerability scores, whereas national roads and railway lines were classified with higher vulnerability (Table 1). Data for this parameter were sourced from Cork County Council’s Road Schedule and the Tailte Éireann National Land Cover Map (Ways). Each SCVI grid cell was assigned the maximum vulnerability score of overlapping transport network features.
Economic Susceptibility – Density of Tourism Infrastructure (Tourism)
Tourism plays a dual role in coastal areas, acting as a major economic driver while also increasing vulnerability to coastal hazards. Infrastructure development associated with tourism, such as resorts and beachfront properties, can weaken natural coastal defences, exacerbating erosion and environmental degradation (Mbezi et al., 2024). Coastal erosion driven by tourism-related construction may also threaten archaeological and cultural heritage sites, illustrating tourism’s broader impact on coastal resilience (Cao et al., 2024). Tourism infrastructure is particularly vulnerable to financial losses due to its concentration in high-risk zones and its reliance on income and employment tied to seasonal activity (Sealey, 2024; Lins-de-Barros, 2017; Sudha Rani et al., 2015). Various indicators, such as tourism infrastructure density, tourist arrivals, and extent of tourism-related construction, have been used to capture tourism’s contribution to vulnerability (Sudha Rani et al., 2015; Rocha et al., 2023). In this study, due to the lack of a comprehensive tourism dataset, leisure and tourism features were extracted from OpenStreetMap. Density was calculated within 50 m hexagon bins using a 500 m neighbourhood radius, and each SCVI grid cell was assigned the maximum vulnerability score of overlapping tourism density features (Table 1).
Economic Susceptibility – Sensitive Infrastructure (Sensitive)
Sensitive infrastructures, such as wastewater treatment plants, landfills, industrial facilities, and power plants, are frequently included in economic evaluations of coastal vulnerability due to the critical services these assets provide and the potential for cascading impacts if compromised (Thatcher et al., 2013). While regulatory frameworks aim to mitigate risks associated with hazardous operations (Duffy et al., 2022), these facilities remain highly vulnerable, particularly given their frequent concentration in coastal zones. Operational advantages, such as proximity to water for effluent discharge or cooling, drive the coastal siting of industrial activities and utilities (Roy et al., 2023). In such contexts, disruption to infrastructure can result in substantial secondary risks, both environmental and socio-economic. To assess this parameter, data were compiled from the Irish Environmental Protection Agency (EPA) Licensed Facilities dataset and the Urban Waste Water Treatment (UWWT) Plant Locations. A binary classification was applied, with each SCVI grid cell scored based on the presence or absence of sensitive infrastructure within a 50 m radius (Table 1).
Environmental Susceptibility – Biodiversity Richness (Biodiver)
In regions such as Ireland, the loss of coastal biodiversity and the degradation of ecosystems due to pressures like overexploitation, pollution, and climate change are of growing concern (Marine Protected Area Advisory Group, 2020). Biodiversity holds intrinsic ecological value, and its loss in coastal zones, particularly in ecosystems such as dunes and saltmarshes, can result in significant ecological disruption. These ecosystems not only support high species richness but also provide essential functions such as buffering wave energy and sustaining fisheries, making them critical for both environmental resilience and local economies (Gedan et al., 2011; Canul Turriza et al., 2024). To incorporate this dimension into the SCVI, the study used the Ecosystem Function Stock Map for Terrestrial Biodiversity developed by the National Parks and Wildlife Service (NPWS) under the Ecosystems Services, Mapping and Assessment National Pilot (ESMANP). This dataset is a modelled biodiversity-function map, Common International Classification of Ecosystem Services (CICES) function, not a raw species count. It integrates habitat information, ecological networks, management/protection, and species information to represent the relative contribution of land to terrestrial biodiversity functioning. The dataset was classified using national-level quantiles to ensure comparability across different regions of Ireland (Table 1). Each SCVI grid cell was attributed the maximum biodiversity vulnerability score of any overlapping feature. 
Environmental Susceptibility – Protected species (Species)
The inclusion of protected species in vulnerability assessments serves a function similar to that of a social vulnerability index, highlighting areas and species already recognised as requiring conservation due to their rarity, ecological significance, or exposure to threats. These species contribute significantly to ecosystem functioning and the provision of services critical for coastal resilience. Protected species can occur in relatively pristine habitats; however, their designation reflects heightened conservation importance and sensitivity, meaning these areas can be disproportionately affected by pressures such as disturbance, pollution and climate-driven change (including sea-level rise) (Casal and McCarthy, 2023). To incorporate this dimension into the SCVI, the Legally Protected and Policy Relevant Species Coincidence Map, developed by NPWS under the ESMANP, was used. It is a species-coincidence count, the number of unique legally protected and policy-relevant species recorded per location. Values range from 0 to 139 species (higher values indicate greater coincidence). The dataset was classified using national-level quantiles to maintain consistency across the country (Table 1). Each SCVI grid cell was attributed the maximum protected species vulnerability score of any overlapping feature. 
Environmental Susceptibility – Ecological connectivity (Connect)
Ecological connectivity is a key component of coastal ecosystem resilience, referring to the unimpeded movement of species and the flow of natural processes, such as geophysical and biological exchanges, across ecosystems (Preston et al., 2025). In coastal zones, this connectivity integrates terrestrial, estuarine, wetland, and marine habitats into dynamic mosaics that underpin key ecological processes such as breeding and foraging (Sheaves, 2009). Disruption of these linkages, by habitat fragmentation, or climate change, can impair ecosystem functioning and reduce resilience (Preston et al., 2025). To account for this in the SCVI, the Contribution to Ecological Networks dataset from the NPWS ESMANP was used. Areas with greater network overlap were assigned higher vulnerability, reflecting their ecological significance and sensitivity to disruption. Each SCVI grid cell received the maximum score of overlapping features (Table 1).
Environmental Susceptibility – Designations (Designat)
Environmental designations are vital for identifying areas of ecological significance and assessing their vulnerability to coastal hazards. These designations, such as Special Areas of Conservation (SACs), Special Protection Areas (SPAs), Ramsar Sites, and other nationally designated sites, highlight ecosystems deemed valuable for their biodiversity, natural functions, or rare features (McLaughlin et al., 2010). Designated areas are inherently vulnerable due to their ecological importance, susceptibility to degradation, and potential gaps in enforcement or management (Ballesteros and Esteves, 2021; McLaughlin et al., 2010). Following this logic, national designations were classified as very high vulnerability, European-level protections (e.g., SACs and SPAs) as high, and international designations (e.g., Ramsar Sites) as moderate, acknowledging their conservation significance while considering the relative strength of protective measures. Data were obtained from the National Parks and Wildlife Service (NPWS), and each SCVI grid cell was assigned the maximum vulnerability score of overlapping designated areas (Table 1).
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